Using data from a DoD Species of Concern (SOC) report and recent evaluations of urbanization encroachment trends near military installations, a prediction of the effect of that urbanization to 2020 on the SOC was made. This was a first-tier analysis of the likelihood that an animal SOC would be adversely affected by urban encroachment in the next 15 years and might seek refuge on the nearby installation. If so, this SOC would become a potentially important species to the Army by requiring increased management and resources.
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Background
One of the most significant issues for land managers at military installations is that of threatened and endangered species (TES) management. To carry out its TES obligations and responsibilities, the Army must ensure that its actions do not jeopardize the continued existence of listed species or adversely modify their critical habitat. Installations may be required to implement conservation measures to minimize the impact of actions on TESs, especially if take is involved. Installations also actively manage for TESs found on site and are required to develop Endangered Species Management Components for their Integrated Natural Resources Management Plan as the primary means for ensuring Endangered Species Act compliance and balancing mission requirements. In addition, all Federal agencies are required to support the recovery of TESs. The recovery requirements are formally stated in a Recovery Plan that is developed as a result of cooperation and interaction among land managers and scientists and approved by the U.S. Fish and Wildlife Service (USFWS) following public review. Recovery plans must identify specific criteria to be met to achieve removal of species from the endangered species list. These criteria typically include designation of both population goals and specification of habitat to be managed to enhance species survival (including DoD lands).
Natural lands outside installations are becoming more developed with transportation, commercial, and residential uses. This process is called urbanization. When urbanization removes habitat outside installations, lands within an installation may become more important for sustaining populations of displaced wildlife. Urbanization may also result in wildlife relocating to less favorable habitat on the installation. What would happen if urbanization off an ERDC TR-06-4 installation caused a species that did not exist on the installation to now move onto the installation? If that species was identified by a state, federal, or other agency as being rare or suffering from population decline, called a Species at Risk (SAR), occurrence of that SAR on an installation might result in either increased resource requirement or reduced training capacity.
Currently installation staff have good knowledge of what is occurring on their installation land but a much less detailed understanding of issues beyond their installation boundaries. This is logical, since the primary responsibility of the staff is toward the DoD-administered lands. However, this means that trends that are outside installations and that may be important in the future, particularly slow changes, may be unnoticed.
Land use changes in the immediate vicinity of military installations thus have the potential to result in constraints on mission and resource management operations on these installations, labeled by DoD as "encroachment."
* Encroachment can compromise sustained and future training and testing missions at an installation. It would be valuable to DoD to know if urbanization may affect the distribution of a SAR so that it may appear on an installation where it had not previously existed.
NatureServe, a non-profit conservation organization, provides scientific information and tools needed to help guide effective conservation action. NatureServe and its network of Natural Heritage Programs (NHPs) are a leading source for information about rare and endangered species and threatened ecosystems. NatureServe has available an extensive database of species, particularly SARs, for the United States (NatureServe 2005). The information can provide DoD and the USFWS with information about SARs on or near military bases. Such information can assist the military in focusing efforts, efficiently and effectively, towards conservation of species that may soon need listing if their populations continue to decline. Some of the SARs may be endemic to military lands, or they may be dependent on military efforts to remain viable. Most importantly, the conservation of SAR habitats could preclude the need to officially list the species as a TES. Early conservation of SARs preserves management options, minimizes the cost for sustaining the population, and reduces the potential for restrictive land use policies in the future. Thus, early conservation has the potential to reduce the DoD resource load (funds and staff time) that must be dedicated for TESs. * Encroachment, generally considered to be any action that inhibits the accomplishment of military live fire training and testing, can come in many shapes and forms, ranging from strict enforcement of environmental laws limiting activities on active training ranges, to conflicts with rapidly expanding communities over training-related dust and noise. 
Of particular interest is a NatureServe product resulting from a legacy funded study called Species at Risk on Department of Defense Installations (NatureServe 2004). This report included an Excel file evaluation of SARs near installations.
We suspected that it would be possible to manipulate this file so that it could be spatially joined to appropriate installations GIS files. Once this was accomplished, we would know which SARs were known to be located near installations. By using a separate spatial data set-the USGS/EPA National Land Cover Data (NLCD)-we would be able to generate for each SAR a very rough fivemile buffer habitat map. This would indicate where each SAR was located near a military installation. This in itself would be interesting to know, but we wished to see if urbanization might have the potential to encourage the SAR to begin utilization of habitat on the installation.
In a separate project, which we will refer to as the Urbanization Study, (Lozar et al., in prep.) , the Army wished to use the Ikonos satellite images that DoD was acquiring to generate a standard objective means for determining the rate of development near the boundaries of many military installations throughout the U.S. This was done by comparing the urbanization as derived from Ikonos images (taken roughly in 2003) to the NLCD data roughly reflecting the situation in 1992. This decade difference could not only be used to determine the amount of development but could also be used to project the trend into the future. From these results we believed we would be able to "grow" the current spatial urbanization distributions near an installation to the predicted amount of coverage for the year 2020. Overlaying the growth trend data would show how likely it would be that urban encroachment would affect those SAR habitats by 2020 (Fig. 1 ).
ERDC TR-06-4
Objective
Our purpose was to use the urbanization data in conjunction with the NatureServe Excel report to generate a first-tier evaluation of the likelihood that any of the SARs living near Army facilities would be adversely affected by urban encroachment in the next 15 years. If so, this SAR would become a potentially important species to the Army, as it may require increased management focus and resources to help prevent listing or to prepare for the listing of the species.
Scope
This is intended to be only a first-tier evaluation. There is no question that more involved ways exist to evaluate urban encroachment. This study deals only with land use changes, with specific emphasis on residential and urbanization trends. We did not attempt to provide an in-depth evaluation of these trends. Further, the work on this project was limited to the availability of the Ikonos imagery, the NLCD data, and the time available to do the analyses.
This report and the results presented are highly consistent internally, largely because of the application of a single standardized approach. A comparison of these findings with those generated by other techniques will be difficult at the least. We chose a method that was as simple as possible.
The sample of installations within the Urbanization Study, (Lozar et al., in prep.) , completed by upon which this report is based is not necessarily random; we do not know how they were chosen. However, this is the only large sample of military installations in existence to have undergone such a detailed evaluation.
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METHODS Approach
This analysis used Arcview 3.2 and ArcMAP 9 spatial analyst software. The data came from Ikonos imagery, the NLCD, NatureServe data, the Urbanization Study, and installation boundaries.
Normalization of data
The first step was to eliminate those installations that, by the nature of their general characterization in the legacy Species at Risk report (NatureServe 2004) need not be considered. Our first action was to eliminate from consideration installations that did not have any SARs in the five-mile buffer area next to the installation, according to the landuse type as stated in the Species at Risk data. Table 1 shows the installations excluded from the analysis because there is no threat from SARs migrating onto the installation.
Next we revised the NatureServe data file so that it could be spatially joined to the installations files using the "Join" capabilities available with the ArcGIS program. We decided to limit this research to installations that had nearby SAR animals that might migrate onto the installation. We agree that plants can migrate also and suggest a follow-up analysis addressing plants. However, for the purposes of this report, it was felt that animals might be better able to respond to the pace at which urban sprawl occurs. The next step was to pare this list down to only installations for which we had the required data: the NLCD and Ikonos data. Although the NatureServe data showed that Schofield Barracks was very important, no NLCD data were available for Hawaii, so our analysis could not be carried out there. Yuma PG had so little urbanization along its perimeter that we called it zero. Because it was zero, we could not project its growth, so it also is not included in the analysis below. It might also be useful to do a more detailed investigation of Yuma PG. After these combing steps, 37 major installations remained to be investigated.
For each SAR we generated a very rough five-mile buffer habitat map using the USGS/EPA NLCD land use data. General habitat descriptions were developed from on-line NatureServe (http://www.natureserve.org/explorer/) descriptions for the 37 largest installations. (No NLCD data exist for Alaska, Hawaii, and Puerto Rico, so installations in those areas could not be evaluated.) 6 ERDC TR-06-4 At the same time, from the Urbanization Study results, we "grew" the current spatial urbanization distributions as determined for (roughly) the situation in the year 2003 near an installation (Fig. 2) . To grow the distribution in Figure 2 , we applied a simple "eight-corner neighborhood" analysis. (An eight-corner analysis consists of taking the average of the eight surrounding cells and applying that value to the center cell.) This was repeated until the amount of land covered by the red urban area was equal to the percent predicted (using a straight-line trend) for the year 2020 (Fig. 3) . In areas of low growth, a "four-corner neighborhood" analysis or a "two-corner neighborhood" analysis would be used to gain a result that as closely as possible reflected the coverage predicted in the Urbanization Study. The Urbanization Study results for 2003 and the predicted urban encroachment for 2020 were reclassed, with non-urban equaling zero and urban equaling ten. The NLCD data were also reclassed, with no SAR habitat equaling zero and SAR habitat equaling one (Fig. 4) .
Appendix A gives the numerical value of the generated rough habitat for each species at each installation.
Figure 4. Approximate areas of potential SAR habitats (light blue).
The two maps (habitat and 2020 urban areas) were added to generate a new map. A value of 11 (light green) indicated locations where habitat and urban areas overlapped in 2003 (Fig. 5) and where urban areas are projected to be formed by 2020 (Figure 6 ). Areas with values equaling one (red) are the projected SAR habitat extents in 2020. For both the 2003 and 2020 maps, the urban data had a higher degree of detail or "resolution" so the urban area that coincided with the NLCD data value 11 in both maps had to be taken out of the habitat count. The percent of habitat loss was calculated by subtracting the habitat area for 2003 (Fig. 5 ) from that in 2020 (Fig. 6 ) and then dividing that by the amount of habitat area in 2003. The current habitat area boundaries are in yellow; the red areas on top of the yellow show how much habitat may be lost by the year 2020 (Fig. 7) . Table 2 presents the results of urbanization and SAR evaluation. Items of interest from this table are:
Results of Species at Risk Evaluations
• There was a high number of SARs at some of the installations. For example, Schofield Barracks had the highest number of SAR animal species (five).
• Many installations had one or two species.
• Many of the western U.S. installations exhibit less urban encroachment than those in the eastern U.S. Some (usually eastern) installations are already nearly completely urbanized. With little remaining habitat to be lost, the possibility to act as a nurturing location for displaced species may be more significant than the statistics suggest.
• High urban growth does not necessarily mean high habitat loss. For example, Fallon Air Force Base has a high urbanization rate but low habitat loss.
• However, in most cases high urbanization is a good metric for potential encroachment by SARs because the process of urbanization usually removes species habitat. Table 2 shows installations in order of SAR habitat loss caused by expected urban growth to roughly 2020. It indicates installations that are at high risk for animal SAR migration onto the base, which could result in increased management and resources commitments by the installation. The percent habitat loss corrects for situations where there exist several species with overlapping habitats (i.e. overlapping habitats are not double counted). Table 1shows the installations that need not worry about animal SAR onto the installation. Schofield Barracks is at the top of this list for a reason. It had far more SARs than any other installation we investigated. It also is situated in an area that is clearly quickly urbanizing. Unfortunately, because it is in Hawaii, there are no NLCL data to provide a basis for the 1992 situation. In spite of the lack of a formal analysis, it is clear that this installation belongs at the top of this list. It is recommended that another analysis be done just for Schofield Barracks to objectively set values to this obvious situation.
DISCUSSION
Some issues have arisen during the research that need to be documented.
• Does there exist on the installation habitat adequate to support a migrating animal? Since this study focused only on the five-mile buffer, this issue was not investigated. It is an obvious next step, and this question would be easy to answer with the existing data.
• The migration rates or the ability of a species to move need to be incorporated into the next-tier analysis to indicate the distance and speed that a species could be expected to migrate.
• What is the interrelationship between the SARs on installations that have multiple SARs in or around the installation? The sizes of the habitat fragments were not taken into consideration. Some species need a minimum area to exist.
• Symbiotic relationships between animals and plant SAR were not investigated. If an animal SAR depends on a plant SAR and the plant SAR cannot migrate with its animal SAR, then the migration of a plantdependent animal SAR is a moot point; it will not occur.
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CONCLUSIONS AND RECOMMENDATIONS
Conclusions
The SAR data and the urbanization encroachment trends near military installations have provided a first-tier analysis of the likelihood of any of the SARs being adversely affected by urban encroachment in the next 15 years. The study has shown that many of the installations are not likely to be affected by SARs. The installations that are affected have been ranked in a "risk" table. The table can then be used to evaluate the SARs near the installations and thereby deduce which installations are liable to have increased management and resources requirements. Table 1 represents an important conclusion, although it was only a step in this process. It is the list of installations not at risk of encroachment by new species of concern for both plants and animals. This is useful in itself. Table 2 shows those installations that are at risk of "encroachment" by new SARs in the buffer area. The individual SARs for each installation is listed in Appendix 1. We have placed Schofield Barracks at the top of the list because it has more SARs than any other installation and is in an area with a high rate of urbanization. Because NLCD does not cover Hawaii, we could not carry out a complete analysis. However, logic demands that it stand in the first rank. Those installations that show SAR potential habitat of greater than 25% are (in order of greatest habitat loss first) Fort Lewis, Washington; Camp Pendleton, California; Fort Knox, Kentucky; and Eglin Air Force Base, Florida. These four are certainly at risk, and actions need to be taken at once to ensure that the risk is minimized. Of high concern are also Fort McCoy, Wisconsin; Fort Bragg, South Carolina; Camp Lejeune, North Carolina; and Rock Island Arsenal, Illinois. Although they are in the next tier of installations, both Fort Dix, New Jersey, and Fort Stewart, Georgia, have multiple SARs of concern. So little habitat will be urbanized in the next 1520 years that no additional risk is likely at Fort Polk, Louisiana; West Point Military Academy, New York; Fort Leonard Wood, Missouri; Fort Huachuca, Arizona; Deseret Chemical Plant, Nevada; and Fort Irwin, California.
Recommendations
We decided to limit this research to installations that had nearby SAR animals that might migrate onto the installation. We agree that plants can migrate also and suggest that that be a follow-up analysis.
ERDC TR-06-4
Schofield Barracks was a very important installation for SARs in the NatureServe data, but no NLCD data were available for Hawaii, so our analysis could not be carried out there. This single installation had far more SARs than any other location, so it is recommended that a separate analysis be carried out for it.
Yuma PG had so little urbanization along its perimeter that we called it zero.
Because it was zero, we could not project its growth, so it also is not included in the analyses. It might also be useful to do a more detailed investigation of Yuma PG, but it is not one where an SAR migration problem is likely to emerge.
This study focused only on the five-mile buffer, but for migration to occur, we need to know if there exists on the installation habitat adequate to support a migrating animal. This question would be easy to answer with the data already at hand and would further refine the results here.
Determining the migration rates or the ability of a species to move could further refine this analysis. An analysis to indicate the distance and speed that a species could be expected to migrate would be useful.
The use of data more specific to the habitat requirement of the specific SAR would undoubtedly result in a more accurate study.
It would be useful to apply the software tool among the IMAGINE Remote Sensing capabilities called the Expert Classifier. This has the possibility to generate multiple spatial indexes to refine the conclusions here. The results also can be used to better rank the installations.
